The interlayer performance of thin overlay structure on asphalt pavement was studied through theoretical analysis and laboratory experiments. The BISAR3.0 program was used to analyze the responses of thin overlay structure under different loading, thickness, temperature or horizontal force coefficient, the results indicated that the horizontal force coefficient, load and temperature had much more obvious influence on the maximum interlamination shearing and tensile stress than that of the thickness. And the technological indexes of interlayer were put forward to choose the bonding materials. Then, the direct shear experiment and pullout experiment were tested on two overlay materials and three bonding layer materials. The varying rules of the interlamination shearing stresses with the dosages of the bonding layer materials were analyzed and the corresponding optimum dosages for the two overlay materials were obtained. Meanwhile, the bonding performance of SBS modified asphalt is superior to the 70-A asphalt, and the modified emulsified asphalt is slightly worse.
INTRODUCTION
With the development of highway construction in our country, pavement damage phenomenon is quite serious. So the maintenance pressure is worse than before because of the limited fund. The thin overlay technology, a new preventive maintenance technology, is that a thin layer of asphalt concrete (about 15-25mm) is paved on the damaged asphalt pavement to repair the slight damage, meanwhile, it can enhance the capacity of waterproofing and anti-skid of the pavement. The technology can save some time and expenditure, because it avoids reconstruction and extends life of the damaged asphalt pavement. The technology has been studied deeply in some countries, such as BBM [2] [3] and BBTM [4] in French and Spanish, in American, ABS11 [8] in Swedish, LASTIK in Indonesian. In this paper, the interlayer performance of thin overlay structure was studied through theoretical analysis and laboratory experiments based on researches at home and abroad.
STRUCTURAL ANALYSIS
The interlayer stresses of the thin AC overlay on old asphalt pavement under vehicle load were analyzed with BISAR3.0, and the technical indexes of the thin overlay structure were worked out.
Model and parameters
The thin overlay was seen as the elastic layered system, as shown in FIG.1, and the thin overlay was assumed to be fully contacted with the surface course. The interlaminar stresses in the interlayer under the double-circle uniform vertical load and the horizontal load are calculated with the BISAR3.0 program. The vertical load is BZZ-100 (The tyre pressure is 0.7MPa, the tyre radius is 10.65cm and the spacing of dual tyre is 31.95cm). 
Influences of the horizontal force on the interlaminar stress
The horizontal force factors (f=0.2,f=0.4,f=0.6) are changed, then the normal stress and the shear stress are worked out. Finally, Influences of the horizontal force on the interlaminar stress are analyzed. Tab.1 plots the change of the horizontal force factors f and the maximum interlaminar stress. When the horizontal force factors are changed from f=0.2 to f =0.4, The maximum normal stress of the interface layer increased to 2.75 times. When the horizontal force factors are changed from f=0.2 to f =0.6, the maximum normal stress of the interface layer increased to 6 times. Therefore, with the increase of the horizontal load, the maximum normal stress of interface layer increases, and the effect is quite obvious. So the horizontal force factors have greater effect on the interlaminar maximum normal stress of the thin overlay structure.
With the horizontal force factors increasing, the interlaminar maximum shear stress between the thin overlay and the surface course also keeps increasing linearly. When the horizontal force factors are changed from f=0.2 to f =0.4, The maximum shear stress of the interface layer increased by 19.28 %. When the horizontal force factors are changed from f=0.2 to f=0.6, the maximum shear stress of the interface layer increased by 38.56 %. So the horizontal force factors have greater effect on the interlaminar maximum shear stress of the thin overlay structure.
Influences of thickness of the thin overlay on the interlaminar stress
When the horizontal force factor is defined as f=0.5, the normal stress and the shear stress with the variation of the thicknesses of thin overlay (H 1 =1.5cm、H 1 =2cm、 H 1 =2.5cm、 H 1 =3cm) were calculated, as shown in table 2. When the thicknesses of the thin overlay are changed from H1=1.5cm to H1 =2.0cm, the maximum normal stress of the interface layer increased by 47.0%. When thicknesses of the thin overlay are changed from H1=2.0cm to H1=2.5cm, the maximum normal stress of the interface layer increased by 26.9%. When thickness of the thin overlay are changed from H1=2.5cm to H1=3.0cm, the maximum normal stress of the interface layer increased by 28.4%.Therefore,the thicknesses of thin overlay have greater effect on the interlaminar maximum normal stress of thin overlay structure. With thicknesses of the thin overlay increasing, the maximum normal stress increases.
When thicknesses of the thin overlay are changed from H1=1.5cm to H1=2.0cm, the maximum shear stress of the interface layer decreased by 2.8 %. When thicknesses of the thin overlay are changed from H1=2.0cm to H1 =2.5cm, the maximum shear stress of the interface layer decreased by 3.0 %. When thicknesses of the thin overlay are changed from H1=2.5cm to H1=3.0cm, the maximum shear stress of the interface layer decreased by 3.5 %. The thicknesses of thin overlay have effect on the interlaminar maximum shear stress of thin overlay structure. With thicknesses of the thin overlay increasing, the maximum shear stresses decreases.
Influences of thickness of the surface course on the interlaminar stress
When the horizontal force factor is defined as f=0.5, the normal stress and the shear stress with the variation of the thicknesses of the surface course (H2=3cm、H2=4cm、 H2=4.5cm、 H2=5cm) were worked out, as shown in Tab.3. When thicknesses of the surface course are changed from H2=3.0cm to H2 =4.0cm, the maximum normal stress of the interface layer decreased by 5.5%. When thicknesses of the surface course are changed from H2=4.0cm to H2=4.5cm, the maximum normal stress of the interface layer decreased by 2.1%. When thicknesses of the surface course are changed from H2=4.5cm to H2=5.0cm, the maximum normal stress of the interface layer decreased by 1.4%. Therefore, thicknesses of the surface course have a certain effect on the interlaminar maximum normal stress of thin overlay structure. With thicknesses of the surface course increasing, the maximum normal stresses decreases.
When thicknesses of the surface course are changed from H2=3.0cm to H2=4.0cm, the maximum shear stress of the interface layer decreased by 0.2 %. When thicknesses of the surface course are changed from H2=4.0cm to H2=4.5cm, the maximum shear stress of the interface layer decreased by 0.1 %. When thicknesses of the surface course are changed from H1=4.5cm to H1=5.0cm, the maximum shear stress of the interface layer decreased by 0.1 %. Therefore, the thicknesses of surface course hardly have effect on the interlaminar maximum shear stress of thin overlay structure.
In this paper, the maximum normal stress is 0.0026MPa, and the maximum shear stress is 0.3902MPa. Considering pavement durability and other unfavorable factors, allowable stress of interlaminar is determined: [σ]=K×σmax，where K is safety factor, and its value is 1.2.
[σ]=1.2×0.0026=0.0031≤0.005(MPa)
[τ]=1.2×0.3902=0.4682≤0.5(MPa) Hence this paper proposes tensile strength of thin overlay structure interlaminar should be greater than 0.005MPa, and shear strength should be greater than 0.5MPa.
TEST OF SHARE PERFORMANCE
The optimum asphalt content with AC-10 used To study the optimum asphalt content of the adhesive layer material with AC-10 used for material of the thin overlay, three test groups are designed, and SBS modified asphalt, 70-A asphalt and modified asphalt emulsion are used for the adhesive layer material. According to some papers, the asphalt content of SBS modified asphalt and 70-A asphalt are preliminary drafted for 0. Result of the shear performance test of the thin overlay is analyzed based on the quadratic regression curves fitting through Origin 7.5, then the optimum asphalt content can be calculated. Under same condition, the shear strength law of three material: SBS modified asphalt＞70-A asphalt＞modified asphalt emulsion. The optimum asphalt content of SBS modified asphalt is 1.26 Kg/m 2 . The optimum asphalt content of 70 -A asphalt is 1.39 Kg/m 2 . The optimum asphalt content of modified asphalt emulsion is 0.86 Kg/m 2 . Three kinds of materials have the same law. When the spreading amount increases, the shear strength increases; but after the spreading amount exceeds the optimum asphalt content, the shear strength will decrease. If the spreading amount is too small, complete asphalt membrane cannot be formed, and adhesive force between layers will be influenced. When the spreading amount exceeds the optimum asphalt content leading to arise the rich cobalt layer, the friction coefficient of interlayer of structure will be decreased, which leads to the shear strength decreased. Therefore, the curve of the shear strength has a turning point, which is the optimum asphalt content of adhesive material.
The optimum asphalt content withSMA-10 used To study the optimum asphalt content of the adhesive layer material with SMA-10 used for material of the thin overlay, three test groups are designed, and the adhesive layer material for SBS modified asphalt, 70-A asphalt, modified asphalt emulsion are used. The asphalt content of SBS modified asphalt and 70-A asphalt are preliminary The shear strength of the two kinds of thin overlay materials under the condition of different asphalt amount is roughly 0.5~0.9MPa. When the adhesive layer material is determined in the optimum asphalt content range, the shear strength of interlamellar of the thin overlay material for SMA-10 is better than that of AC-10 covering material. This may be due to discontinuous gradation of SMA-10 skeleton-dense structure. The mixture has the high cohesive force and the internal friction resistance. AC-10 is the dense-suspension structure. It has the higher binding force, but it has the small friction force, the poor stability, which has an effect on the interlaminar shear strength.
PULL-OUT PERFORMANCE TEST
The LGZ-1 structure layer material strength pull-out instrument is used in this test, the maximum range of the test machine is 3KN, the maximum displacement range is 30mm, the environment temperature is 25℃，the pull-out speed of the pull-out instrument is 10mm/min. The obtained experimental results are given in Table 6 . Table 6 . Result of pull-out performance test.
Although materials of the thin overlay are different, the tensile strength law of three material is same. The law of the indoor shear test result has been showed that SBS modified asphalt＞70 -A asphalt＞modified asphalt emulsion, which shows that SBS modified asphalt is proved to be the best performance of all the adhesive materials. Under the condition with the same adhesive material and the optimum asphalt content, the tensile strength of interlamellar of the thin overlay material for SMA-10 is better than that of AC-10 covering material. In accordance with the law of indoor shear test result, the regularity of the interlamellar shear and tensile properties between the overlay and the surface course has been demonstrated.
CONCLUSIONS
The maximum tensile stress between layers is greatly affected by the horizontal force factors, the thickness of the thin overlay and the thickness surface course. 
